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This invention relates to a method of producing an 
infrared and ultraviolet radiation absorbing glass. The 
glass has a greenish color and sufficiently high transmit- 
tance for visible light and is particularly suitable for use . 
in building and vehicle windows. ' : 

For windows of buildings, automobiles and other 
vehicles there is an increasing demand for sheet glass 
that is sufficiently transparent to, visible light and absorp- 
tive of not only infrared rays but also ultraviolet rays* . 

It is known to . render a soda-lime-silica glass 
absorptive of infrared and ultraviolet rays by incorporat- 
ing iron in the glass. Ferrous iron expressed as FeO pro- 
vides the glass with the absorption of infrared radiation, 
whereas ferric iron expressed as Fe20 3 provides the 
glass with the absorption of ultraviolet radiation. In prac- 
tice Fe 2 0 3 is used as the source of the entire iron, and 
an adequate portion of Fe20 3 is reduced to FeO .during 
the glassmaWhg process. 

Also it is known, to incorporate Ce0 2 and/or Ti0 2 in 
a soda-lime-silica glass for the absorption of ultraviolet . 
radiation. ^ ... 

From an industrial point of view, it is desired that an 
infrared and ultraviolet absorbing glass in the form of 
sheet glass can be produced without significantly 
changing the conditions of conventional glass melting ~ 
and refining operations. Also it is desired that an infra- 
red and ultraviolet absorbing glass sheet can easily be . 
toughened by a conventional tempering method. 
Besides, an infrared and ultraviolet absorbing glass 
sheet is desired to have a pleasing tint such as a green- 
ish tint or a bluish tint. 

USP 4,792,536 shows ah infrared and ultraviolet 
absorbing glass and a method of producing the same. 
Basically the glass is a soda-lime-silica glass. In the 
glass, the content of total iron expressed as Fe^ is.up 
to 1 wt%, and preferably 0.45-0.65 wt%, and at least 
35% of the total iron is in the ferrous state as Feb. 
Besides, the glass contains up to 1.5 wt% of Ce0 2 
and/or Ti0 2 . Aa important feature of the gjass of this 
patent is that the content of S0 3 is less than 0.02 wt%. 

From an industrial point of view, the proposal of 
USP 4,792,536 is not favorable because the proposed 
glass cannot be produced by the conventional glass- 
melting operations. As is disclosed in the patent specif i- 
cation, due to the very low content of sulfur, it is neces- 
sary to employ a complicated two-stage melting and 
refining operations by using a special stirring means. 

USP 5,077,133 shows a green-colored, infrared 
energy and ultraviolet radiation absorbing soda-lime-sil- 
ica glass containing Q.51-0 96 wt% of Fe 2 0 3 , 0.15-6.33 
wt% of FeO and 0.2-1 .4 wt% of Ce0 2 . In this glass, the 
total amount of iron is from' 0.7 wt% to about 1 .25 wt%, 
expressed as Fe 2 0 3 , and the degree of reduction from 
ferric to ferrous iron is from 23% to 29%. The degree of 
reduction of this glass is relatively low, and it is neces- 
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sary to add a relatively large amount of total iron to the 
glass batch composition. Furthermore, it is not easy to 
desirably toughen this glass by a conventional temper- 
ing method. 

WO 91/1 1402 shows a green-colored, infrared and. 
ultraviolet radiation absorbing soda-lime-silica glass 
containing 0.75-1.2 wt% of total iron expressed as 
Fe 2 0 3 , 0.2-1 .4 wt% of Ce0 2 , and a small amount of car- 
bon (from about 0.15 to about 0.7 pounds per 1,000 
pounds of glass). This glass also has a relatively low 
"degree of reduction from ferric to ferrous iron, ranging 
from about 22% to 29%, and it is necessary to add a rel- 
atively large amount of total iron and a small amount of 
carbon to the glass batch composition. Furthermore, it 
is not easy to desirably toughen this glass by a conven- 
tional tempering method. . 

SUMMARY OF THE INVENTION ' 

WO-A-9 107 356 describes a green-colored, infra- 
red energy and ultraviolet radiation absorbing glass 
compositions comprising conventional soda-lime-silica 
float glass ingredients, eerie oxide, and a total amount of 
iron from 0.7 wt% to about 1.25 wt%, expressed as 
Fe 2 0 3 . The degree of reduction from ferric to ferrous 
iron must equal between 23% and 29%. The glass com- 
positions are prepared by compounding commonly 
used raw materials, such as sand, limestone, dolomite, 
soda ash and so ph. together with' a cerium compound \ 
and optionally a titanium compound.' These materials', 
are melted together in a conventional glass making fur- 
nace. 

It is an object of the present invention to provide a 
method for industrially easily producing ah infrared and 
ultraviolet absorbing glass, which has a greenish tint, . 
which is well balanced in visible light transmittance, 
infrared radiation absorption and ultraviolet radiation 
absorption, and which can be readily toughened by a 
conventional tempering method. 

Tlie present invention provides a method of produc- 
ing a green-colored infrared and ultraviolet radiation 
absorbing glass comprising as essential components, 
on a weight basis, 68-72% of Si0 2 , 1 .6-3.0% of Al 2 0 3 , 
8.5-1 1.0% of CaO, 2.0-4.2% of MgO. 12.0-16.0% of 
Na 2 0, 0.5-3.0% Of K 2 0( 0.03-0.30% of S0 3 , 0.58- 
0.80% of.totaMron expressed as Fe 2 0 3 , 0.1-0.7% of 
Ce0 2 , 0.1-0.4^) of Ti0 2 and 5-350 ppm of MnO with 
provisos that the total of the above defined essential 
components amounts to at least 98 wt% of the glass, 
.that the total of Si0 2 , Al 2 0 3 and Ti0 2 is from 70-74%, 
that the total of CaO and MgO is from 12-15%, that the 
total of Na 2 0 and K 2 0 is from 13-17%, that said total 
iron includes ferrous iron and ferric iron and that the 
weight ratio of said ferrous iron to said ferric iron, 
\ Fe^/Fe 3 *, is in the range from 0.50 to 0.70, and more 
"preferably from 0.53 to 0.p8. The method is character- 
ized in (fat 1-35 wV£ of a batch of glass composition to 
be melted is cullet of a frrt glass which consists essen- 
tially of, on a. weight .basis,. 45-65% of Si0 2 , 3.5-10.0% 
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of AI2O3. 13-30% of CaO, 4.0-5.5% of MgO. 6.5-12.0% 
total of Na 2 0 and K 2 0. 0.04 : 0. 1 5% of S0 3 , 0.05-0.50% 
of S 2 ', 0.40-0.65% of total iron expressed as Fe^, 
0.05-0.45% of MnO. 0.25-0.65% of TiO 2 .0.10-0.55% of 
Ce0 2 with provisos that the total of the above defined 5 
essential components amounts to at least 95 wt% of the 
frit glass and that the total iron includes ferrous iron and 
ferric iron and that the weight ratio of the ferrous iron 
expressed as FeO to the total iron expressed as Fe^ 
is not less than 0.5. 10 

In this invention, it es an important feature that in 
the glass the degree of reduction of iron, Ife^/Fe 3 *, is 
relatively high. The infrared and ultraviolet absorbing 
glass is produced according to the invention by using a 
frit glass which has a low melting point and contains fer- 15 
rous oxide and ferric oxide with a high degree of reduc- 
tion as a part of a batch of glass composition to be 
melted. More particularly, this frit glass contains care- 
fully and strictly specified proportions of the fundamen- 
tal components of soda-lime-silica glass arid 20 
additionally incorporated relatively small and strictly 
specified amounts of iron oxide, manganese oxide, 
cerium oxide and titanium oxide. Furthermore, this frit 
glass contains relatively small and strictly specified .. 
amounts of sulfide ion and a sulfate such as sodium sul- 25 
fate, thereby suppressing a decline of meltability of a 1 
batch of glass composition. '" 

A glass obtained according tb f'thelnvention Has a 
greenish tint' and ^ici^y|lGw'jn''bG^ infrared and 
ultraviolet radiation transmittarices but' sufficiently high . so 
in visible light transmrttance, and this glass is very good 
in weatherability. This glass is relatively high in Young's 
modulus, Poisson's ratio and ther rrieil expansion coeffi- 
cient and relatively low in heat conductivity. An infrared 
and ultraviolet absorbing glass sheet according to the ss 
invention can easily be toughened to a desired degree 
by a conventional tempering method. 

A glass obtained according to the invention can be 
formed into glass sheets of various thicknesses, for 
example, ranging from about 1 mm to about 1 0 mm, and 40 
according to the need the glass sheets can be bent 
and/or tempered. Besides, a glass obtained according 
to the invention can be used as a component of lami- 
nated glass or insulated glass. A glass obtained sheet . 
according to the invention is very suitable for . use in 45 
building and vehicle windows and, particularly in auto- 
mobile windows. Optionally a glass obtained according 
to the invention can be used for various articles other" 
than window glasses, such as furniture arid cooking 
utensils for example. . " . so 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Basically an infrared and ultrayiolet absorbing glass' 55' 
obtained according to the inyenticinl^a , " J '. v , 

glass. The fundamental comp^ 
Si0 2 , Al 2 6 3 , CaO, MgO. Na 2 6 ^K^p! ^ 
portions of ' theses components are strictly limited "in " 



order that the glass should be easily produced by a 
usual glass-making process and should possess desir- 
able properties including good temperabilrty.- 

The glass contains 68 to 72 wt% of Si0 2 together 
with 1 .6 to 3.0 wt% of AJ 2 0 3 . If Si0 2 is less than 68% or 
Al 2 0 3 is less than 1 .6%, th glass is not always good in 
weatherability and may exhibit weathering strain. If Si0 2 
exceeds 72%, the glass composition becomes inferior 
in meltability, and the glass may not be good in temper- 
ability. If Al 2 p3 exceeds 3%, the glassmaking opera- 
tions encounter difficulty because of the likelihood of 
devitrification and narrowing of the range' of temperature 
for forming glass. 

The total amount of Si0 2 , Al 2 0 3 and Ti0 2 in the 
glass is limited within the range from 70 to 74 wt%. If the 
total amount is less than 70%, the glass is not always 
good in weatherability, and if it exceeds 74%, the glass 
may not be good in temperability. 

The glass contains 8.5 to 1 1 .0 wt% of CaO and 2.0 
to 4.2 wt% of MgO. Thesd components contribute to a 
reduction in the melting temperature of the glass com- 
position. If CaO is less than 8.5% or MgO is less than 
2.0%, the melting temperature is riot sufficiently low, 
and the flow point of the glass is hot desirably low par- 
ticularly in the case of shortage of CaO. ff CaO exceeds 
11.0%, the glassmaking operations encounter difficulty 
because of the likelihood of devitrification. If MgO 
exceeds 4.2%, the glass may not be good in temperabil- 
rty. In the glass, the total amount of CaO and MgO is lim- 
ited within the range from 12 to 15 wt%. If the total of 
these two components is less than 12%, the glass is not 
good in temperabilrty, and if it exceeds 15%, restrictions 
are placed on the glassmaking operations because of a 
tendency to devitrification. 

The glass contains 12.0 to 16.0 wt% of Na 2 0 
together with 0.5 to 3.0 wt% of K 2 0. If Na 2 0 is less than 
12.0%, difficulty arises in the glassmaking operations 
because of a tendency to devitrification and a narrowed 
range of temperature for forming the glass, and the 
glass is not good in temperability. If Na 2 0 exceeds 
16.0%, the glass is not always good in weatherability 
and may exhibit weathering strain. If K 2 0 is less than 
0.5%, the glass may not be good in temperability, and if 
it exceeds 3.0%, the glass may not be good in weather- 
ability. In the glass, the total amount of Na 2 0 and K 2 0 is 
. limited within the rarige from 1 3 to 1 7 wt%. If the total of 
these two cdrriponerrts is less than 13%, difficulty will 
arise in the glassmaking operations because of the like- 
lihood of devitrification and narrowing of the range of 
pperating'temperature, and the glass is not good in tem- 
perability. If it Weeds 17%; the glass is not good in . 
'weatherability. 

A glass obtained according to the invention con- 
.'tains a limited amount of sulfur which is known to serve' 
' as a melting and refining aid. The glass contains 0*03 to 
0.30 wt% of sulfur expressed as S0 3 . if the content of 
'S0 3 is less than 0.03%, it is difficult to accbmpiistfuni- 
^ form melting and defoaming of the glass by usual oper- 
ations. If the content of S0 3 exceeds 0.30%, the glass 
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tends to exhibit a yellowish or amber tint instead of a 
desired greenish tint It is preferable that the S0 3 is rel- 
atively low and ranges from about 0.10 to about 0.15 
wt%. 

The essential components of a glass obtained 
according to the invention include limited amounts of 
iron oxides (expressed as Fe 2 0 3 for convenience), 
Ce0 2 and Ti0 2 and a trace of MnO. These additives are 
employed for desirably modifying the coloration and 
optical characteristics of the glass. 

In the glass, the amount of total iron expressed as 
Fe 2 0 3 is from 0.58 to 0.80 wt%. tf total iron is'less than 
0.58%, it is difficult to sufficiently reduce the infrared 
and ultraviolet transmittance through the glass. If it 
exceeds 0.80%, the glass becomes too low in visible 
transmittance and takes on an undesirably dark tint. It is 
preferable to control the total iron content within the. 
range from 0.60 to 0.75 wt%, more preferably from 0.62 
to0.73wt%. 

More particularly, the glass must contain both fer- 
rous iron expressed as FeO and ferric iron expressed as 
Fe 2 0 3 . FeO efficiently absorbs infrared radiation and 
tends to impart a greenish or bluish, tint to the glass. 
Fe 2 0 3 is absorptive of ultraviolet rays and tends to 
impart a yellowish tint to the glass. In a batch of glass 
composition for producing the infrared and. ultraviolet, 
absorbing glass, a large portion of iron is in the ferric 
state, Fe 2 0 3 . The batch is melted under such conditions 
that an adequate portion of the ferric oxide is reduced to 
ferrous oxide FeO, while the rest remains as ferric oxide 
Fe 2 0 3 . The degree of reduction of iron is an important 
factor in the glassmaking operations. Herein, the. 
"degree of reduction" refers to the weight ratio of ferrous 
iron to ferric iron, Fe^/Fe 3 *, in the obtained glass. In the 
present invention, the degree of reduction of iron is con- 
trolled within the range from 0.50 to 0.70. A preferred 
range of the degree of reduction is from 0.53 to 0.68. 

CeQ 2 and Ti6 2 are incorporated in the glass as 
ultraviolet absorbing agents. Ce0 2 has high' ability to 
absorb ultraviolet rays, and the presence of Ce0 2 con- 
siderably affects the degree of reduction of iron. Ti0 2 is 
low in the ability to absorb ultraviolet rays, but the 
degree of reduction of iron is not significantly affected by 
the presence of Ti0 2 . In this invention, specific arid rel- 
atively small amounts of Ce0 2 and Ti0 2 are used in 
combination in order to afford the glass with desirably 
balanced optical characteristics without greatly varying 
the degree of reduction of iron in the conventional glass 
melting furnaces. In the glass, the amount of Ce0 2 is, 
from 0.1 to 0.7 wt%, and more preferably from 0.2 to 
0.65 wt%. In the glass, the amount of Ti6 2 is from 0.1 tb 

o.4 wt%::. ; ; . V 1 " V : 

According to the invention, a very small amount of 
MnO is incorporated in the glass. By the presence of 
Mn, the reduction of [ron is slightly affected so that the . 
degree of reduction of iron tends to slightly decrease, 
while the reduction of cerium is not signif icantly * 
affected. Besides, MnO serves for minute adjustment of 
the coloration of the glass containing iron since MnO 
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has an absorption at about 500 nm. The content of MnO 
is limited within the range from 5 to 350 ppm by weight, 
and more preferably from abbirt 100 to 300 ppm. If a 
large amount of MnO is incorporated, the glass tends to . 
exhibit undesirable optical characteristics such as, for 
example, solarization. 

A very smalt amount of ZnO is optionally incorpo- 
rated in the glass. 

In producing the- glass which has the aforemen- . 
. tioned composition, a cullet of a frit glass of the following 
composition is used as a part of a batch of glass com- 
position to. he melted. On a weight basis, the frit glass 
consists essentially of 45-65% of Si0 2 , 3.5-10.0% of 
Al 2 0 3t 13-30% of CaO, 4.0-5.5% of MgO, 6.5-12.0% 
"total of Na 2 0 and K 2 0, 0.04-0.15% of S0 3 , 0.05-0.50% 
of S 2 *, 0.40-0.65% 1 of total .iron expressed as Fe^, 
0.05-0.45%of MnO, 0.25-0.65% of Tip 2 , 0.10-0.55% of 
Ce0 2 with provisos that the total of the above defined 
essential components amounts to at least 95 wt% of the 
frit glass and that the total iron includes ferrous iron and 
ferric iron and that the weight ratio of the ferrous iron 
expressed as FeO to the total iron expressed as Fe 2 0 3 
is not less than 0.5. " 

In producing the glass by using cullet of the above 
described frit glass, the cullet of the frit glass amounts to 
1 -35 wt% of a batch of glass composition to be melted. 
The cullet of the frit glass preferably amounts to 5-30 
wt%, and more preferably to 8-25 wt%. The use of such 
an amount of the frit glass is favorable for. realization of 
the aimed degree of reduction of iron in the glass and 
the aimed green color of the;glass and also for stable 
operation of the glass melting furnace and stable and 
uniform melting of the glass batch. It is optional to use 
the cullet of the above frit glass together with another 
cullet such as a return cullet. 

The following nonlimitative examples are illustrative 
of the invention. 

EXAMPLE 1 * 

A frit glass (frit glass A) was produced by using 
, industrial raw materials of glass. That is, silica sand, 
feldspar, soda ash, dolomite, limestone, red iron oxide 
(rouge), ilmenite, titanium oxide, cerium carbonate, zinc 
oxide and sodium sulfate were weighed and mixed aim- 
ing at a prescribed glass composition. As a reducing 
agent carbon powder was added to the mixed materials. 
The mixture was melted in an electric furnace, and the 
molten glass was homogenized and clarified by conven- 
tional operations. 

the obtained frit glass A contained, on a weight 
basis. 63.6% Si0 2 , 3.94% Al 2 0 3 , 15.07% CaO, 4.2% 
MgO. 11.7% total of Na 2 0 and K 2 0, 0.62% total iron 
* expressed as Fe 2 0 3 , 0,30% T10 2 , 0.492% Ce0 2 , 
^0.12% Mn6,;b ; p93% S0 3 and 0.1 1 7% S 2 ". 
^ Next, arf infrared ^nd ' urtrayiolet absorbing ,glass 
' sheet was produced by. using;20 wt% of cullet of the frit 
' glass A together with 10 wt% of a return cullet and 70 
I wt% of the above-mentioned raw materials except car- 
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bon powder. The glass composition was formulated 
such that the viscosity-temperature becomes about 
650-685°C at 10 9 poise and about 555-585°C at 10 12 
poise and such that the difference between the two tem- 
peratures becomes about 90-1 05°C. In a crucible the 
mixture of the raw materials, cullet of the frit glass A and 
the return cullet was melted by heating in an electric fur- 
nace. In the melting operation sodium sulfate amounting 
about 0.5 wt% of total silica was used. After the usual 
homogenizing and clarifying operations the molteri 
glass was formed into a glass sheet. After'annealing the 
glass sheet was cut into about 50 mm square pieces, 
and each piece was ground to a thickness of abbut 5 
mm. ! * 

By chemical analysis, the obtained glass contained, 
on a weight" basis, 70.1% Si0 2 , 1^87% Al 2 0 3 , 9.07% 
CaO, 3.6% MgO, 13.4% Na 2 0, 0.67% K 2 0. 0.63% total 
iron expressed as ,Fe 2 03, 0.19% Ti0 2 , 0.31% Ce0 2 , 
0.13% SO3. about 280 ppm MnO. The. total of these 
components amounted to' 100.0%. The total of Si0 2 , 
Al 2 0 3 and Ti0 2 was 72.1 6%; the total of CaO and MgO 
was 12.67%; and the total of Na 2 0 and K 2 0 was 
14.07%. The degree of reduction, of iron, Fe 2+ /Fe 3+ , 
was about 0.57. 

The obtained glass had a green 'color. The optical 
characteristics of this glass were measured by the 
methods according to. JIS Z 8722, JIS R 3106 and \ 
ISO/DIS 9050 by using an automatied spectrophotome'-. 
ter. At a thickness of ( 5 mm, the glass exhibited visible 
light (stanSafiJ illunrtinant A) transmittance of about 71 .0 
to about 71.4%, total solar radiation transmittance of 
about 42.0 to about 42.4 and ultraviolet transmittance of 
about 1 2 to about 1 3%. The transmittance for solar radi- 
ation in an infrared region (around 1 100 nm) was about 
13.0 to about 13.5%. The dominant wavelength was 
about 507 to about 508 nm, and the excitation purity 
was about 3.0. 

It was confirmed that the viscosity-temperatures of 
this glass were as aimed. To test temperability, some of 
the glass sheets (3.8 mm in thickness) were tempered 
by heating in a furnace at about 700°C for about 5 min 
and immediately blowing cooling air against the heated 
glass sheet. The tempered glass sheets were fractured 
by an impact at a point in a corner region to examine the 
manner of fragmentation in respect of the" number of 
fragments and the sizes of the respective fragments. 
The mannier of fragmentation satisfied the requirements 
of J IS R 321 1 for tempered glasses for automobile side 
and rear windows. 

EXAMPLE 2' 

A frit glass (frit glass B) was prepared by. uniformly 
mixing cullet of a Si0 2 -AI 2 0 3 -CaO glass containing. 
Fe 2 0 3 , Ti0 2l MnO, S0 3 , S 2 " and the like with cullet of a , 
Si0 2 -AI 2 0 3 -Ca6-R 2 6 (R represents ^ium and pptas:, 
sium) glass containing Fe 2 0 3 , T10 2 , CeO^'SC^'and the,* 

The obtained frit glass B contained/ on a weight 



basis. 59.4% Si0 2 , 5.24% Al 2 0 3 , 19.11% CaO. 4.5% 
MgO, 10.2% total Na 2 0 and K 2 0, 0.57% total iron 
expressed as Fe^, 0.37% Ti0 2 . 0.42% Ce0 2 , 0.18% 
MnO, 0.09% SO3. 0.2% S 2 ". The degree of reduction 

5 was 'as aimed.' 

Next, as is described in Example 1 , an infrared and 
ultraviolet absorbing glass sheet was produced by using 
1 0 wt% of cullet of the frit glass B together with 30 wt% 
of a return cullet and 60 wt% of the above-mentioned 

10 raw materials of Example 1 . 

The obtained glass contained, on a weight basis, 
69.9% SiQ 2( * 1.84% Al 2 0 3 , .9.09% CaO, 3.64% MgO, 
13.45% Na 2 o!,0.59% K 2 6. 0.69% total iron expressed 
as Fe 2 0 3 , 0.24% Ti0 2 , 0.40% Ce0 2 , 0.1% S0 3 .and 

is about 260 ppm MnO. The total of these components 
amounted to 99.97%. The total of Si0 2 , Al 2 0 3 and Ti0 2 
was 71.98%; the total of CaO and MgO was 12.73%; 
and the total of Na 2 0 and K 2 0 was 1 4.04%. The degree 
of reduction of iron, Fe 2+ /Fe 3+ , was about 0.55. 
1 20 The obtained glass had a green color. At a thick- 
ness of 5 mm, the glass exhibited visible light (standard 
illuminant A) transmittance of about 68.5%, total solar 
radiation transmittance of about 38.0 to about 38.5 and 
ultraviolet transmittance of about 10 to about 11%. The 

25 transmittance for solar radiation in an infrared region 
(around 1100 nm) wasf about 9.0 to about 9.5%. The 
dominant wavelength was about 507 nm, and the exa- 
ltation purity was about 3.5. 

In the temperability test, the result satisfied the 

30 requirements of JIS R 3211. 

EXAMPLE 3 ' „ 

A frit glass (frit glass C) was prepared by uniformly 
35' mixing cullet of a Si0 2 -AI 2 0 3 -CaO glass containing 
Fe 2 0 3 , T10 2 , MnO, S0 3 , S 2 ' and the like with cullet of a 
Si0 2 -AI 2 0 3 -CaO-R 2 0 (R represents sodium and potas- 
sium) glass containing Fe 2 0 3 , Ti0 2t Ce0 2 , S0 3 and the 
like. "/ 

40 The obtained frit glass C contained, on a weight 
basis, 52.3% SiQ 2 , 7.67% Al 2 0 3) . 25.85%.* CaO, 5.1% 1 
. • \ MgO, 7.44% J total Na 2 0, and K 2 0, 0.48% 'total iron 
expressed as Fe^, 0.49% Ti0 2 , 0.3% Ce0 2 , 0.28% 
MnO. 0.08% S0 3 , 0.33% S 2 \ The degree of reduction 
45 was as aimed. 

Next, as is described in Example 1 . an infrared and 
. ultraviolet absorbing glass sheet was produced by using 
10 wt% of cuJVet of the frit glass C together with25wt% 
„. pf a return cullet and 65 wt% of the above-mentioned 
so raw materials of Example t! \ 

The obtained giass contained, on a weight basis, 
^ 69.7% Si0 2 , 1.9% Al 2 0 3 , 9.1% CaO, 3.6% MgO, 13.5% 
v Na 2 0 ( 0.6% K 2 0, 0.71% total iron expressed as Fe 2 0 3 , 
'0.24% T102. 0.60% Ce0 2 . 0.12% S0 3 and about 350 
55 ppm MnO. The total of these components amounted to 
'^.,^100.0%. The total of Si0 2 , Al 2 0 3 and Ti0 2 was 71 .84%; 
: '\[ , the total of.CaO and MgO was 12.7%; and the total of 
."""w"' Na aO and K 2 0 was 14.1%. The degree of reduction of 
iron, Fe 2+ /Fe 3 \ was about 0.55. 
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The obtained glass had a green color. At a thick- 
ness of 5 mm, the glass exhibited visible light (standard 
illuminant A) transmittance of about 68.6%, total solar 
radiation transmittance of about 37.5 to about 38.0% 
and ultraviolet transmittance of about 8 to about 9%. 5 
The transmittance for solar radiation in an infrared, 
region (around 1 100 nm) was about 8.5 to about 9.0%. 
The dominant wavelength was about 508 to about 509 
nm, and the excitation purity was about 3.0. 

In the temperability test, the. result satisfied the 10 
requirements of JIS R 3211. rr . 

EXAMPLE 4 * ' ..... : ' : 

Similar to. Example 1, a frit glass (frit glass D) was 15 
produced by using industrial raw materials of glass, the 
mixture of the raw materials was melted in an electric, 
furnace, and the molten glass was homogenized and 
clarified by conventional operations. t , ., ■ 

The obtained frit glass D contained, on a weight 20 
basis, 47.0% Si0 2 , 9.42% Al 2 0 3 , 30.0% CaO, 5.5%" 
MgO. 6.5% total of Na 2 0 and K 2 0, 0.41% total iron 
expressed as-Fe 2 0 3 , 0.57% r TiO 2 , 0.21% Ce0 2 , . 
0.352% MnO, 0.072% S0 3 and 0 ; 42% S 2 '. The degree 
of reduction of iron was as aimed. 25 

Next, an infrared and ultraviolet absorbing glass , . 
sheet was produced by using 5 wt% of cullet of the frit 
glass D together with 40 wt% of a return cullet and 55 . ■ 
wt% of the raw materials. : „ 

The obtained glass contained, on a weight .basis, 30 
70.0% Si0 2t 1.8% Al 2 0 3 , 9.1% CaO. 3.5% MgO'. 13.5% 
Na 2 0, 0.6% K 2 0, 0.66% total iron expressed.as t Fe 2 0 3 , 

0. 22% Tj0 2 . Q.46%pe0 2 , 0.13% S0 3 and about 300 
ppm MnO. The total of these components amounted to 
99.99%. The total of Si0 2 , Al 2 0 3 and Ti0 2 was 72.02%; 35 
the total of CaO and MgO was 12.6%; and the total of 
Na 2 0 and K 2 0 was 14.1%. The degree of reduction of 
iron, Fe 2+ /Fe 3+ , was about 0.53. , 

The obtained glass had a green color. At a thick- 
ness of 5 mm, the glass exhibited visible light (standard 40 
illuminant A) transmrttance of about 70.0%, total solar 
radiation transmittance of about 39 to about 40% and 
ultraviolet transmittance of about 9 to about 10%. The 
transmittance for solar radiation in an infrared region , 
(around 1100 nm) was about 9.0 to about 10.0%. The 45 
dominant wavelength was about 508 to about 510 nm, 
and the excitation purity was about 3.5. 

In the terrip'erability test, the result satisfied' the * 
requirements of JIS RJ3211. , . 

Claims.. t *' . ,.' . ' 

1. A method of producing a green^colored, infrared 
and ultraviolet radiation absorbing glass comprising ! 
as essential components, on. a weight basis, 68- 55 
72% of Si0 2 , 1 .6-3.0% of Al 2 0 3 , 8.5-1 1 .0% of CaO, r \ " 
2.0-4.2% of MgO, 12.0-16.0% of Na 2 0, 0.5-3!o% oT 
K 2 0, 0.03-0.30% of S0 3 , 0.58-0.80% of total iron . \; 
expressed as Fe 2 0 3r 0.1 -0.7%^ of Ce0 2 , 0.1-0.4% / C: 



of Ti0 2 , and 5-350 ppm of .MnO with provisos that 
the total of the above defined essential components 
amounts to at least 98 wt% of the glass, that the 
total of Si0 2 , Al 2 0 3 and Ti0 2 is from 70-74%, that 
the total of CaO and MgO is from 12-15%, that the 
tota! of Na 2 0 and K 2 0 is from 13 : 17%, that said 
total iron includes ferrous iron and ferric iron, and 
that the weight ratio of said ferrous iron to said ferric 
iron, Fe 2+ /Fe 3+ , is in the range from 0.50 to 0.70, 
characterized in that 1 to 35 wt% of a batch of glass 
composition to be melted is cullet of a frit glass 
which consists essentially of, on a weight basis, 45- 
65% of Si0 2 . 3.5-10.0% of Al 2 0 3 , 13-30% of CaO, 
4.0-5.5% of MgO, 6.5-12.0% total of Na 2 0 and 
K 2 0, 0.04-0. 1 5% of S0 3 , 0.05-0.50% of S 2 \ 0.40- 
0.65% of total iron expressed as Fe 2 Q 3 , 0.05 : , 
0.45% of MnO, 0.25-0.65% of T10 2 , 0.10-0.55% of 
Ce0 2 with provisos that the total of the above 
defined essential components amounts to at least 
95 wt% of the frit glass and that the total iron 
includes ferrous iron and . ferric iron and that the 
weight ratio of the ferrous iron expressed as FeO to 
the total iron expressed as Fe 2 0 3 is hot* less than 

2. A method according to claim 1 , wherein the amount 
of said cullet of said frit glass is jrom 5 to 30 wt% of 
said batch of gla^ composition. \_. > . ,* 

3. A method according to claim 2,; wherein theyarribunt 
of said cullet of said frit glass is from 8 to 25 wt% of. 
said batch of glass composition. 

4. A method according to claim 3, wherejn said batch 
of glass composition is melted in the presence of 
sodium sulfate, the amount of said sodium, sulfate 
being not more than 0.5 wt% of total silica in said 
batch of glass composition. 

5. A method according to claim 1 , wherein the amount 
of said total iron expressed as Fe 2 0 3 is in the range 
from 0.60 to 0.75 wt% in the obtained glass. 

6. A method according to claim' 5, wherein the amount 
of said total iron expressed as Fe 2 0 3 is in the range 
from,0.62 to 0.73 wt% in the obtained glass. . 

7. A method according to claim ( 1 , wherein the amount 
of S0 3 is in the range from 0.05 to 0.30 wt% in the 
obtained glass. t . 

8. A method according to claim 7, wherein the amount 
of S0 3 is in the range from 0.10 to 0.15 wt% in the 
obtained glass. 

9. A method according to claim 1 , wherein the weight 
ratio of said ferrous iron to said ferric iron, 
Fe 2+ /Fe^ + , is. in the range from 0.53 to 0.68 in the 
obtained glass. .,; r; J, 
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1 0. A method according to claim 1 , wherein the amount 
" of CeC>2 is in the range from 0.20 to 0.65 wt% in the 
obtained glass. 



geschmolzen wird, wobei die Menge des Natrium- 
suffats nicht mehr als 0,5 Gew.-% des Gesamtsilici- 
umdioxids in der Glasbeschickung ausmacht. 



1 1 . A method according to claim 1 , wherein the amount 5 
of Ti0 2 is in the range from 0. 1 0 to 0.35 wt% in the 
obtained glass. 

1 2. A method according to claim 1 , wherein the amount 

of MnO, is in the range from 100 to. 300 ppm by; 10 
weight in the obtained glass. 



6. 



PatentansprOche ." / H 

1. Verfahren zur Herstellung eines grun gefarbten, 
infrarote und uitraviolette Strahlung absorbierenden 
Glases, das als wesentliche^Komponenten, bezo : 
gen'auf das Gewicht, 68-72 % Si0 2 , 1.6-3,0 % 
Al 2 0 3l 8,5-1 1 ,0 % CaO, 2,0-4,2 % MgO, 1 2-1 6,0 % 
Na 2 0. 0,S3,0 % K 2 0, 0,03-0,30 % S0 3 , 0,58-0,80 . 
% Gesamteisen, ausgedrOckt als Fe 2 0 3 , 0,1*0,7% 
Ce0 2 , 0,1-0,4 % Ti0 2 und 5-350 ppm MnO enthait 
mit den MaBgaben, daft die Gesamtmenge der 
oben definierten wesentlichen Komponenten * 
wenigstens 98 Gew.-% des Glases betragt, daB die 
Gesamtmenge von Si0 2 , AI 2 0 3 und Ti0 2 70-74 % 
betragt, daB die Gesamtmenge an CaO urid MgO 
12-15 % betragt, daB die Gesamtmenge an Na 2 0 M 
und K 2 0 13-17 % betrSgt, daB das Gesamteisen 
Eisen(il) und Eisen(lll) unteBt - und daB das 
Gewichtsverhaitnis von Eisen(ll) zu Eisen(lllj," 
Fe 2+ /Fe 3+ , im Bereich von 0,50 bis 6,70 iiegt,-' 
dadurch gekennzeichnet, daB 1 bis 35 Gew.-% 
einer zu schmelzenden Glasbeschickung Glas- 
bruch eines Fritteglases ist, das, bezogen auf das 
Gewicht, irh wesentlichen aus 45-65 % Si0 2 , 3,5- 
10,0 % Al 2 0 3 , 13-30 % CaO. 4,0-5.5 % MgO, 6,5- 
12,0 % insgesamt Na 2 0 und K 2 0 , 0,04-0,15 % 
S0 3 , 0,05-0,50 % S 2 ", 0,40-0,65 % Gesamteisen, 
ausgedrOckt als Fe 2 0 3 , 0,05-0,45 % MnO, 0.25- 
0,65 % T10 2 , 0.10-0,55 % Ce0 2 besteht mit den 
MaBgaben, daB die Gesamtmenge der oben defi- 
nierten wesentlichen Komponenten wenigstens 95 
Gew.-% des Fritteglases betragt und daB das 
Gesamteisen Eisen(ll) und Eisen(lll) umfaBt und 
daB das Gewichtsverhaitnis von Eisen(ll), ausge- 
drOckt als FeO, zu dem Gesamteisen, ausgedrOckt 
als Fe 2 0 3 , nicht weniger als 0,5 betragt. ' . " . 
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Verfahren nach Anspruch 1 , bei dem die Menge 
des Glasbruchs des Fritteglases 5 bis 30 Gew.-% 
der Glasbeschickung ausmacht. 



Verfahren nach Anspruch 2, bei dem dfe Meri^e" ^ 
des Glasbruchs des Fritteglases 8 bis 25 Gew.-% 55 
der Glasbeschickung ausmacht. ;: 



4. Verfahren nach Anspruch 3, 6ei dem die_ Glas&s- ^ 1 
schickung in Gegenwart von Natrlumsdrfat x 



Verfahren nach Anspruch 1, bei dem die Menge 
des Gesamteisens, ausgedrOckt als Fe 2 0 3 , im 
Bereich von 0,60 bis 0,75 Gew.-% in dem erhatte; 
nen Glas Iiegt. 

Verfahren nach Anspruch 5, bei dem die Menge 
des Gesamteisens, ausgedrOckt als Fe 2 0 3 im 
B^*eich von 0,62 bis 0,73 Gew.*% in dem erharte- 
nen Glas Iiegt. 

Verfahren nach Anspruch 1, bei dem die Menge 
des S0 3 im Bereich von 0,05 bis 0,30 Gew.-% in 
dem erriartenen Glas Iiegt. ' 

Verfahren nach Anspruch 7, bei dem die Menge 
des S0 3 im Bereich von 0,10 bis 0,15 Gew.-% in 
dem erhartenen Glas Iiegt. 

Verfahren nach Anspruch 1 , bei dem das Gewichts- 
verhaitnis von Eisen(ll) zu Eisen(lll), Fe^/Fe 3 *, im 
Bereich von 0,53 bis 0,68 in dem erhartenen Glas 
Iiegt. 



10. Verfahren nach Anspruch 1, bei dem die Menge 
des Ce0 2 im Bereich von 0,20 bis 0,65 Gew.-% in 
dem erhalt'ehen Glas Iiegt. 

11. Verfahren riach- Anspruch i, bei dem die Menge 
des Tl0 2 im Bereich von 0,10 bis 0,35 G^w.-% in 
dem erhaltenen Glas Iiegt. 

12. Verfahren nach Anspruch 1, bei dem die Menge 
des MnO im Bereich von 100 bis 300 Gew.-ppnrin 
dem erhartenen Glas Iiegt. 



40 Revendications 



Proc6d6"de production d'un verre color6 en vert, 
absorbanf uii rayonnement infrarouge et ultraviolet 
corrtpreriant comme constituants essentiels, sur 
une base massiqtie, 68-72% de Si0 2 , 1 ,6-3,0% de 
Al 2 0 3 , 8^5-1 1.0% de CaO. 2,0^4,2% de MgO, 12,0- 
16,0% de Na 2 0, 0.5-3,0% de K 2 0. 0.03-6,30% de 
S0 3 V 0, 58-0^80% de fer total exprim6 comme 
Fe 2 0 3( 0.1-0,7% de Ce0 2 , 0,1-0,4% de Ti0 2 et 5- 
350 ppm de MnO avec les conditions que le total 
des constituants essentiels d&inis ci-dessus est 
d'au moins 98% en poids du verte, que le total de 
Si0 2 . de A^Os et de Ti0 2 est de 70-74%, que le 
total de CaO et de MgO est de 12-1 5%, que le total 
cle Na 2 0 et de K 2 0 est.de 13-17%, que ledit fer 
totaj comprend du fer ferreux et du fer ferrique et 
que le rapport massique dudrt, fer ferreiDt audit fer 
ferrique, Fe^/Fe^, est dans I'intervalle de 0,50 k 
0,70, caract6ris6'en ce que de'1 d 35% en poids 
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d'un lot de composition de verre k faire fondre est 
un calcin d'un verre de frittage qui est essentielle- 
ment constitu6, sur une base massique, de 45-65% 
de Si0 2 . de 3,5-10,6 % de Al 2 0 3 , de 13-30% de 12. 
CaO, de 4,0-5,5% de MgO, de 6,5-12,0% d'un total 5 . 
de Na 2 0 et de K 2 0, de 0,04-0,15% de S0 3 , de 
0,05-0,50% de S s \ de 0,40-0,65% de fer tola! 
exprim6 comme Fe20 3 , de 0,05:0,45% de MnO, de 
0,25-0,65%de TIO2, de 0,10-0,55% de Ce0 2 , avec 
les conditions que le total des constituants essen- 10 
tiels d§f inis ci-dessus est d'au moins 95% en poids 
du verre de frittage et que le fer total comprend du 
fer ferreux et du fer ferrique et que le rapport massi- 
que du fer ferreux exprim6 comme FeO au fer total 
exprim6 comme Fe 2 C>3 n'est pas iriferieur £0,5. '15 



quantity de Ti0 2 est dans I'intervalle de 0,10 k 
0,35% en poids dans le verre obtenu. 

Proc6d6 selon la revendication 1, dans lequel la 
quantity de MnO est dans I'intervalle de 100 k 300 
ppm en poids dans le verre obtenu. 



2. Proc6d6 selon la revendication 1, dans lequel la 
quantity dudit calcin dudit verre de frittage est de 5 
k 30% en poids dudit lot de composition de verre. 

3. Proc6d6 selon la revendication 2, dans lequel la 
quantity dudit calcin dudit verre de frittage est de 8 
k 25% en poids dudit lot de composition de verre. 



20 



4. Proc6d6 selon la revendication 3, dans lequel on 25 
fait fondre ledit lot de composition de verre en pr6- ■ 
sence de sulfate de sodium, la quantity dudit sulfate 
de sodium n'6tant pas sup£rieure k 0,5% en poids 
de silice totale dans ledit lot de composition de * 
verre. 30 



Proc6d6 selon la revendication 1, dans lequel la 
quantity dudit fer" total exprime* comme Fe^ est 
dans I'intervalle de 0,60 k 0,75% en poids dans le 
verre obtenu. 



35 



Proceed selon la revendication 5, dans lequel la 
quantity dudit fer total exprim6 comme Fe 2 0 3 est 
dans Untervalle de 0,62 k 0,73% en poids dans le 
verre obtenu. 
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7. Proceeds selon la revendication 1, dans lequel la 
quantity de S0 3 est dans I'intervalle de 0,05 k I 
0,30% en poids dans le verre obtenu. < 

45 

8. Proc6d6 selon la revendication 7, dans lequel la 
quantity de S0 3 est dans I'intervalle de 0,10 k 

0, 1 5% en poids dans le verre obtenu. * 

9. Proc6d6 selon la revendication 1, dans lequel le so 
rapport massique dudit fer ferreux audit fer ferrique, 
Fe^/Fe 3 *, est dans I'intervalle de 0,53 k 0,68 dans ; 
le verre obtenu. 

10. Proceed selon la revendication 1, dans lequel la ss ! 
quantity de Ce0 2 est dans I'intervalle de 0,20 k 

0,65% en poids dans le verre obtenu. ; 

11. Proc6d6 selon la revendication .1, dans lequel ia,-, srt « ~ v ~~\ : \v:,^ T ]z- 7r r/ . c . s " V . 



